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Description 

IMAGE FORMING APPARATUS, TONER COUNTER AND METHOD OF 
CALCULATING TONER CONSUMPTION AMOUNT 

Technical Field 

[0001] The present invention relates to a technique for calculating an 

amount of toner consumed in forming a toner image in an image forming 
apparatus which forms a toner image with toner. 

Background Art 

[0002] It is necessary for an electrophotographic image forming 

apparatus, such as a printer, a copier machine and a facsimile machine, which 
forms an image with toner to grasp a toner consumption amount or a remaining 
toner amount for the purpose of maintenance such as replenishment of toner 
Noting this, techniques for accurately calculating a toner consumption amount 
(hereinafter referred to as "toner count techniques") have been proposed. For 
instance, according to the toner consumption detecting method described in 
Patent Document 1, strings of printing dots are classified into plural patterns in 
accordance with the state of continuity of the dots and their numbers of 
occurrence are counted individually. The counts are multiplied by 
predetermined coefficients respectively and then added together, whereby the 
total toner consumption amount is calculated. In this manner, the toner 
consumption amount is calculated at a high accuracy regardless of the non- 
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linearity between the number of printing dots and an adhering toner amount 
which is attributable to a difference in the state of continuity of the printing dots. 
[0003] Patent Document 1: Japanese Patent Application Laid-Open 

Gazette No.2002-174929 

Disclosure of the Invention 

Problems to Be Solved by the Invention 

[0004] In an actual image forming operation, a lot of the strings of 

printing dots mentioned-above are formed and arranged in two dimensions, 
whereby two-dimensional image is obtained. However, in the conventional 
toner count technique described above, since only the continuity of the dots in 
one direction (in a direction of the string) in the two-dimensional image is 
considered, there is a room for improvement in a degree of accuracy. 
[0005] Further, a state of two-dimensional arrangement of printing dots 

is not in complete random, there are some cases that the state has a certain 
regularity depending upon the content of formed images. For example, 
printing dots of halftone are frequently used in photographic images, whereas 
printing dots of halftone do not appear often and each of the printing dots is 
often expressed in binary data of complete on or complete off in images based 
on a character. Further, in the case where signal processing including screen 
processing is executed to given image signal, there may appear a regularity in a 
state of arrangement of dots which corresponds to a pitch and the like of the 
screen used. It is expected to promote efficiency of toner count technique by 
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utilizing this regularity, but it has not been taken into consideration about this 
point in the conventional technique described above. 

Means for Solving the Problems 

[0006] The invention has been made in light of the problem described 

above, and has an object to provide a technique which is able to obtain a toner 
consumption amount in an image forming apparatus efficiently and accurately. 
[0007] In addition, in the present description, each of dots to which toner 

should adhere and each of dots to which toner should not adhere are referred to 
as "a printing dot" and "an off dot", respectively. In the case where merely 
referred to as "a dot", it will not be particularly distinguished between the 
printing dot and the off dot. 

[0008] A first aspect of an image forming apparatus, a toner counter, and 

a method of calculating toner consumption amount according to the invention, in 
order to accomplish the object described above, in an image forming apparatus 
which visualizes an electrostatic latent image on a surface of a latent image 
carrier with toner and forms a toner image, is characterized in that a toner 
consumption amount is calculated based on a state of a two-dimensional 
arrangement of printing dots formed on the latent image carrier, 
[0009] Since the electrostatic latent image on the latent image carrier 

spreads in two dimensions, a toner adhesion amount is different depending upon 
a state of the arrangement of the printing dots not only in one direction but also 
in other directions. Hence, the toner amount consumed in forming a dot, even 
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if it is a single printing dot, is different depending upon the state of arrangement 
of the printing dots around it. The difference of the toner adhesion amount 
depending upon the state of arrangement of the printing dots is attributed to the 
fact that the latent images corresponding to the respective printing dots which 
are at adjacent positions interfere mutually, and a phenomenon (edge effect) in 
which a toner density is high at an edge portion than at a central portion of the 
printing dot. Consequently, the toner consumption amount is calculated based 
on the state of the two-dimensional arrangement of the printing dots according 
to the invention. In this way, it is possible to calculate the toner consumption 
amount more accurately than the conventional toner count technique which 
takes into consideration only the state of the arrangement in one direction. 
[0010] The invention is preferably applicable especially to an image 

forming apparatus structured to form a two-dimensional electrostatic latent 
image in such a way that the surface of the photosensitive member (latent image 
carrier) charged at a predetermined surface potential is scanned and exposed 
with a laser light or exposed with an emission of light from LED array to form a 
linear latent image while the light source and the photosensitive member are 
relatively moved. 

[0011] Further, the inventors executed an experiment to form images of 

various patterns in which the sizes of the printing dots are constant and only the 
intervals between the adjacent printing dots are varied, and to measure a toner 
consumption amount of each of the images. In a result, it became clear that the 
toner consumption amount of each of the printing dots varies intricately 
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depending upon the change of the interval between the printing dots. The 
mode of the change of the toner consumption amount will be described in detail 
hereinafter. This is attributed to the fact that a certain amount of toner adheres 
to an area which is not planned to adhere toner originally, that is, off dot, which 
is formed between the printing dots, and that the adhesion amount varies 
depending upon the successive state of the off dots. And it became known, 
based on the result of the experiment, that not only the number of the printing 
dots or the successive state thereof but also the state of the distribution of the 
printing dots are taken into consideration, whereby the toner consumption 
amount is calculated accurately. 

[0012] Consequently, a second aspect of an image forming apparatus, a 

toner counter, and a toner consumption amount calculator according to the 
invention, in order to accomplish the object described above, calculates a toner 
consumption amount consumed in forming a toner image by visualizing an 
electrostatic latent image with toner, and varies a mode of the calculation of the 
toner consumption amount depending upon a distribution state of printing dots 
to which toner should adhere in the toner image. According to the invention 
structured in this way, it is possible to adopt the calculation mode in accordance 
with the distribution state of the printing dots, whereby the toner consumption 
amount is calculated accurately. 

[0013] Further, a third aspect of an image forming apparatus, a toner 

counter, and a toner consumption amount calculator according to the invention, 
in an image forming apparatus which executes a predetermined signal 
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processing to an image signal and generates a printing-dot data regarding an 
arrangement of printing dots, forms an electrostatic latent image on a latent 
image carrier corresponding to the printing dots, and visualizes the electrostatic 
latent image with toner, thereby forming a toner image which corresponds to the 
image signal, is characterized in that a toner amount consumed in forming the 
toner image based on a state of a two-dimensional arrangement of the printing 
dots in the electrostatic latent image is calculated, and a mode of a calculation of 
the consumed toner amount depending upon a content of the printing-dot data is 
varied, 

[0014] According to this invention, the toner consumption amount is 

calculated based on the two-dimensional arrangement of the printing dots, 
whereby the toner consumption amount is calculated in high accuracy. Further, 
the mode of the calculation is not uniform but varied depending upon the 
content of the printing- dot data, whereby the toner consumption amount is 
obtained more efficiently than by the conventional technique in which the mode 
of the calculation is uniform. 

[0015] Further, a fourth aspect of an image forming apparatus, a toner 

counter, and a toner consumption amount calculator according to the invention, 
in an image forming apparatus which executes a predetermined signal 
processing to an image signal to generate a printing-dot data regarding an 
arrangement of printing dots, forms an electrostatic latent image on a latent 
image carrier corresponding to the printing dots and visualizes the electrostatic 
latent image with toner, thereby forming a toner image which corresponds to the 
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image signal, in order to accomplish the object described above, is characterized 
in that the toner image is divided into a plurality of unit segments having a 
predetermined size, a toner consumption amount of each of the plurality of unit 
segments is calculated based on the printing-dot data, each of the toner 
consumption amounts is accumulated, whereby a toner consumption amount of 
the entire toner image is calculated, and the settings of the size of the unit 
segment is varied depending upon a content of the printing-dot data. 
[0016] According to this invention, the toner image is divided into a 

plurality of unit segments of which the size is set depending upon the content of 
the printing-dot data, and the toner consumption amount is calculated for each 
unit segment. In this way, the calculation unit of the toner consumption 
amount is not uniform but set depending upon a content of the printing-dot data, 
whereby the regularity which appears in the printing-dot data is utilized 
effectively, and the toner consumption amount is obtained efficiently. 
[0017] Furthermore, the inventors compared and verified three 

techniques by the experiments using various kinds of images as samples, the 
three techniques being the technique (this technique is called "simple counting 
technique" hereinafter) to calculate the toner consumption amount of each of the 
printing dots individually without considering the continuity of dots, the 
technique (this technique is called "one-dimensional counting technique" 
hereinafter) to calculate the toner consumption amount considering the 
continuity of dots in one dimension as in the conventional technique described 
above, and the technique (this technique is called "two-dimensional counting 
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technique" hereinafter) to calculate the toner consumption amount considering 
the state of the two-dimensional arrangement of the printing dots. It turned out 
that, in terms of the accuracy of calculation of the toner consumption amount, 
the two-dimensional counting technique was the best regardless of the content of 
the formed image, which is followed by the one-dimensional counting technique 
and the simple counting technique in this order However, it became clear that, 
in some cases, there is little difference among the three technique depending 
upon the content of the formed image. On the other hand, in terms of the 
simplicity of the process, the simple counting technique is the simplest and the 
process becomes more complex and the process time becomes longer in the 
order of the one-dimensional counting technique and the two-dimensional 
counting technique. 

[0018] It became clear that the simple counting technique and the two- 

dimensional counting technique are selectively used depending upon the content 
of the image, whereby the efficiency of the calculation process is enhanced 
while maintaining the high accuracy of calculation. 

[0019] Based on this knowledge, a fifth aspect of an image forming 

apparatus, a toner counter, and a toner consumption amount calculator according 
to the invention, in an image forming apparatus which executes a predetermined 
signal processing to an image signal to generate a printing-dot data regarding an 
arrangement of printing dots, forms an electrostatic latent image on a latent 
image carrier corresponding to the printing dots and visualizes the electrostatic 
latent image with toner, thereby forming a toner image which corresponds to the 
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image signal, in order to accomplish the object described above, is characterized 
in that, either one of a simple count mode and a two-dimensional count mode is 
selected based on the content of the printing-dot data, and the toner amount 
consumed in forming the toner image is calculated in the selected mode, the 
simple count mode calculating a toner consumption amount of each of the 
printing dots based on the printing-dot data corresponding to the printing dot 
subject to calculation, the two-dimensional count mode calculating a toner 
consumption amount of each of the printing dots based on a state of a two- 
dimensional arrangement of the printing dots on the latent image carrier. 
[0020] According to this invention, it is possible to select properly to use 

the simple count mode and the two-dimensional count mode, whereby the toner 
consumption amount in the image forming apparatus is calculated efficiently 
and accurately. 

Effects of the Invention 

[0021] According to these inventions, it is possible to calculate the toner 

amount consumed in forming the toner image in the image forming apparatus 
efficiently and accurately. 

Brief Description of the Drawings 

[0022] Fig. 1 is a drawing which shows an example of the structure of an 

image forming apparatus to which the invention is favorably applicable. 

[0023] Fig. 2 is a block diagram of the electric structure of the image 
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forming apparatus shown in Fig. 1 . 

[0024] Fig, 3 is a diagram which shows signal processing blocks of the 

apparatus. 

[0025] Fig. 4 is a diagram which shows a first embodiment of a toner 

counter according to the invention. 

[0026] Fig. 5 is a drawing which shows an example of data of a video 

signal. 

[0027] Fig, 6 is a schematic diagram which shows a content stored in the 

data buffer. 

[0028] Fig. 7 is a diagram showing a structure of the toner counter of the 

first embodiment. 

[0029] Fig. 8 is a diagram showing classes of the printing dots based on 

the number of an adjacent dot. 

[0030] Fig. 9 is a diagram showing an actual example of an arrangement 

of the printing dots and the toner count. 

[0031] Fig. 10 is a graph showing a matching of the calculated value and 

the measured value of the toner consumption amount. 

[0032] Fig. 1 1 is a group of drawings which show examples of screens 

used in the half-toning processing. 

[0033] Fig. 12 is a diagram which shows a second embodiment of a 

toner counter according to the invention. 

[0034] Fig. 13 is a group of drawings which show examples of test 

patterns used in the experiments. 
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[0035] Fig. 14 is a graph showing the relationship between the line 

interval and the toner consumption amount. 

[0036] Fig. 15 is a drawing which shows the relationship between the 

dot count value and the toner consumption amount. 

[0037] Fig. 16 is a diagram which shows a structure of the toner counter 

in the second embodiment. 

[0038] Fig. 17 is a drawing which shows an example of an image in 

which text and graphic are mixed. 

[0039] Fig. 18 is a drawing which shows an example of a state of 

arrangement of the printing dots on the photosensitive member. 
[0040] Fig. 19 is a drawing which shows a first table which corresponds 

to a (3 by 3) matrix. 

[0041] Fig. 20 is a drawing which shows a second table which 

corresponds to a (3 by 5) matrix. 

[0042] Fig. 21 is a drawing which shows a mode of selection of the 

matrixes and the tables. 

[0043] Fig. 22 is a group of drawings for describing the difference of the 

applied screen for each toner color. 

[0044] Fig. 23 is a diagram which shows a structure of a toner counter of 

a third embodiment. 

[0045] Fig. 24 is a group of drawings which show a relationship between 

the image content and the frequency of appearance of the printing dot having the 
various tone level. 
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[0046] Fig. 25 is a group of drawings which show examples of the 

setting of the unit segment. 

[0047] Fig. 26 is a group of drawings which show examples of the 

arrangement pattern of the printing dots after the screen processing is executed. 
[0048] Fig. 27 is a diagram which shows a structure of a toner counter in 

a fourth embodiment. 

[0049] Fig. 28 is a graph showing the relationship between the number 

of the adjacent dots and the toner adhesion amount. 

[0050] Fig. 29 is a drawing which shows an example of the conversion 

table from the number of the adjacent dots to the toner consumption amount. 
[0051] Fig. 30 is a drawing which shows a conversion table from the dot 

pattern to the toner adhesion amount. 

[0052] Fig. 31 is a diagram which shows a structure of a toner counter of 

the fifth embodiment. 

[0053] Fig. 32 is a diagram which shows a structure of a toner counter of 

the sixth embodiment. 

Description of Reference Characters 

[0054] 4: developer unit (developing section) 

6: exposure unit (latent image forming section) 

11 : main controller (signal processor) 

22: photosensitive member (latent image carrier) 

120, 130, 140, 150, 160: data buffer (storage) 
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200, 220, 230, 240, 250, 260: toner counter (toner consumption 

amount calculator, toner counter) 

EG: engine part (image forming section) 

Best Modes for Carrying Out the Invention 
STRUCTURE OF APPARATUS> 

[0055] Fig. 1 is a drawing which shows an example of the structure of an 

image forming apparatus to which the invention is favorably applicable. Fig, 2 
is a block diagram of the electric structure of the image forming apparatus 
shown in Fig. L The illustrated apparatus 1 is an image forming apparatus 
which overlays toner (developer) in four colors of yellow (Y), cyan (C), 
magenta (M) and black (K) one atop the other and accordingly forms a full-color 
image, or forms a monochrome image using only black toner (K). In the image 
forming apparatus 1, when an image signal is fed to a main controller 11 from 
an external apparatus such as a host computer, an engine controller 10 controls 
respective portions of an engine part EG in accordance with an instruction 
received from the main controller 1 1 to perform a predetermined image forming 
operation and forms an image which corresponds to the image signal on a sheet 
S. 

[0056] In the engine part EG, a photosensitive member 22 is disposed so 

that the photosensitive member 22 can freely rotate in the arrow direction Dl 
shown in Fig. 1. Around the photosensitive member 22, a charger unit 23, a 
rotary developer unit 4 and a cleaner 25 are disposed in the rotation direction DL 
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A predetermined charging bias is applied upon the charger unit 23, whereby an 
outer circumferential surface of the photosensitive member 22 is charged 
uniformly to a predetermined surface potential. The cleaner 25 removes toner 
which remains adhering to the surface of the photosensitive member 22 after 
primary transfer, and collects the toner into a used toner tank which is disposed 
inside the cleaner 25. The photosensitive member 22, the charger unit 23 and 
the cleaner 25, integrated as one, form a photosensitive member cartridge 2. 
The photosensitive member cartridge 2 can be freely attached to and detached 
from a main body of the apparatus 1 as one integrated unit. 
[0057] An exposure unit 6 emits a light beam L toward the outer 

circumferential surface of the photosensitive member 22 which is thus charged 
by the charger unit 23. The exposure unit 6 makes the light beam L expose on 
the photosensitive member 22 in accordance with the image signal fed from the 
external apparatus and forms an electrostatic latent image which corresponds to 
the image signal. 

[0058] The developer unit 4 develops thus formed electrostatic latent 

image with toner. That is, in this embodiment, the developer unit 4 comprises 
a support frame 40 which is disposed for free rotations about a rotation shaft 
which is perpendicular to the plane of Fig. 1, and also comprises a yellow 
developer 4Y, a cyan developer 4C, a magenta developer 4M and a black 
developer 4K which house toner of the respective colors and are formed as 
cartridges which are freely attachable to and detachable from the support frame 
40. The engine controller 10 controls the developer unit 4. The developer 
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unit 4 is driven into rotations based on a control instruction from the engine 
controller 10, and when the developers 4Y, 4C, 4M and 4K are selectively 
positioned at a predetermined developing position which faces the 
photosensitive member 22 with a predetermined gap in-between, toner is 
supplied onto the surface of the photosensitive member 22 from a developer 
roller 44 disposed to the selected developer, the developer roller 44 being 
disposed in the developer there-positioned, carrying charged toner of a selected 
color, and being applied with a predetermined developing bias. As a result, the 
electrostatic latent image on the photosensitive member 22 is visualized in the 
selected toner color. 

[0059] Non-volatile memories 91 through 94 which store information 

regarding the respective developers are disposed to the developers 4Y, 4C, 4M 
and 4K. One of connectors 49Y, 49C, 49M and 49K disposed to the respective 
developers selected as needed and a connector 109 which is disposed to the 
main body are connected with each other, and a CPU 101 of the engine 
controller 10 and one of the memories 91 through 94 communicate with each 
other. In this manner, the information regarding the respective developers is 
transmitted to the CPU 101 and the information inside the respective memories 
91 through 94 is updated and stored. In addition, the communication between 
the CPU 101 and each of the memories 91 through 94 is not limited to perform 
through a mechanical contact such as connectors described above. It may be 
performed by means of a non-contact communicating device such as a wireless 
communication. 
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[0060] A toner image developed by the developer unit 4 in the manner 

above is primarily transferred onto an intermediate transfer belt 71 of a transfer 
unit 7 in a primary transfer region TR1. The transfer unit 7 comprises the 
intermediate transfer belt 71 which runs across a plurality of rollers 72 through 
75, and a driver (not shown) which drives a roller 73 into rotations to thereby 
rotate the intermediate transfer belt 71 in a predetermined rotation direction D2. 
For transfer of a color image on the sheet S, toner images in the respective 
colors formed on the photosensitive member 22 are superposed one atop the 
other on the intermediate transfer belt 71, thereby forming a color image, and 
the color image is secondarily transferred onto the sheet S which is unloaded 
from a cassette 8 one at a time and transported to a secondary transfer region 
TR2 along a transportation path F. 

[0061] At this stage, for the purpose of correctly transferring the image 

held by the intermediate transfer belt 71 onto the sheet S at a predetermined 
position, the timing of feeding the sheet S into the secondary transfer region 
TR2 is managed. To be more specific, there is a gate roller 81 disposed in front 
of the secondary transfer region TR2 on the transportation path F. As the gate 
roller 81 rotates in synchronization to the timing of rotations of the intermediate 
transfer belt 71, the sheet S is fed into the secondary transfer region TR2 at 
predetermined timing. 

[0062] Further, the sheet S now bearing the color image is transported to 

a discharge tray 89, which is disposed to a top surface of the main body of the 
apparatus, through a fixing unit 9, a pre-discharge roller 82 and a discharge 
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roller 83. Meanwhile, when images are to be formed on the both surfaces of 
the sheet S, the discharge roller 83 starts rotating in the reverse direction upon 
arrival of the rear end of the sheet S, which carries the image on its one surface 
as described above, at a reversing position PR located behind the pre-discharge 
roller 82, thereby transporting the sheet S in the arrow direction D3 along a 
reverse transportation path FR. While the sheet S is returned back to the 
transportation path F again before arriving at the gate roller 81 , the surface of 
the sheet S which abuts on the intermediate transfer belt 71 in the secondary 
transfer region TR2 and is to receive a transferred image is at this stage opposite 
to the surface which already bears the image. In this fashion, it is possible to 
form images on the both surfaces of the sheet S. 

[0063] Further, there are a density sensor 60 and a cleaner 76 in the 

vicinity of the roller 75, The density sensor 60, when needed, optically detects 
a toner amount which constitutes a toner image which is formed on the 
intermediate transfer belt 71. To be more specific, the density sensor 60 
irradiates light toward the toner image, receives reflection light from the toner 
image, and outputs a signal corresponding to a reflection light amount. The 
cleaner 76 is structured to be attached to and detached from the intermediate 
transfer belt 71, and by abutting on the intermediate transfer belt 71 as needed, 
the cleaner 76 scrapes off the toner remaining on the belt 71 . 
[0064] Further, as shown in Fig. 2, the apparatus 1 comprises a display 

12 which is controlled by a CPU 111 of the main controller 11. The display 12 
is formed by a liquid crystal display for instance, and shows, in response to a 
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control command from the CPU 111, predetermined messages which are 
indicative of operation guidance for a user, a progress in the image forming 
operation, abnormality in the apparatus, the timing of exchanging any one of the 
units, etc. 

[0065] In Fig. 2, denoted at 113 is an image memory which is disposed 

to the main controller 11, so as to store an image which is fed from an external 
apparatus such as a host computer via an interface 112. Denoted at 106 is a 
ROM which stores a calculation program executed by the CPU 101, control data 
for control of the engine part EG, etc. Denoted at 107 is a RAM which 
temporarily stores a calculation result derived by the CPU 101, other data, etc. 
[0066] Fig. 3 is a diagram which shows signal processing blocks of the 

apparatus. In the image forming apparatus, when an image signal is inputted 
from an external apparatus such as a host computer 100, the main controller 11 
performs a predetermined signal processing on the image signal. The main 
controller 11 includes function blocks such as a color converter 114, a tone 
correction section 115, a half-toning section 116, a pulse modulator 117, a tone 
correction table 118, a correction table calculator 119. 

[0067J In addition to the CPU 101, the ROM 106, and the RAM 107 

shown in Fig. 2, the engine controller 10 further includes a laser driver 121 for 
driving a laser light source provided at the exposure unit 6, and a tone 
characteristic detector 123 which detects a tone characteristic based on a 
detection result given by the density sensor 60, the tone characteristic 
representing a gamma characteristic of the engine EG 
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[0068] In the main controller 11 and the engine controller 10, these 

function blocks may be implemented in hardware or otherwise, in software 
executed by the CPUs 111 and 101. 

[0069] In the main controller 11 supplied with the image signal from the 

host computer 100, the color converter 114 converts RGB tone data into CMYK 
tone data, the RGB tone data representing tone levels of RGB components of 
each pixel in an image corresponding to the image signal, the CMYK tone data 
representing tone levels of CMYK components corresponding to the RGB 
components. In the color converter 114, the input RGB tone data comprise 8 
bits per color component for each pixel (or representing 256 tone levels), for 
example, whereas the output CMYK tone data also comprise 8 bits per color 
component for each pixel (or representing 256 tone levels). The CMYK tone 
data outputted from the color converter 114 are inputted to the tone correction 
section 115. 

[0070] The tone correction section 115 performs tone correction on the 

CMYK tone data of each pixel inputted from the color converter 114. 
Specifically, the tone correction section 115 refers to the tone correction table 
118 previously stored in the non- volatile memory, and converts the CMYK tone 
data of each pixel inputted from the color converter 114 into corrected CMYK 
tone data according to the tone correction table 118, the corrected CMYK tone 
data representing corrected tone levels. An object of the tone correction is to 
compensate for the variations of the gamma characteristic of the engine EG 
constructed as described above, thereby allowing the image forming apparatus 
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to maintain the overall gamma characteristic thereof in an idealistic state at all 
times. 

[0071] The corrected CMYK tone data thus corrected are inputted to the 

half-toning section 116, The half-toning section 116 performs a half-toning 
process, such as an error diffusion process, a dithering process or a screening 
process, and then supplies the pulse modulator 117 with the half-toned CMYK 
tone data comprising 8 bits per color component for each pixel. The content of 
the half-toning process varies depending upon the type of an image to be formed. 
To be more specific, a process of the most suited content for the image is 
selected based on judgment standards such as the subject image is a 
monochromatic image or a color image, or else, the subject image is a line 
image or a graphic image, and then, the selected process is executed. 
[0072] The half-toned CMYK tone data inputted to the pulse modulator 

117 are represented by a multivalued signal which indicates respective sizes and 
arrays of printing dots of CMYK colors to adhere to each pixel. The pulse 
modulator 117 which has received the data, using the half-toned CMYK tone 
data, generates a video signal for pulse width modulation of an exposure laser 
pulse for each of CMYK color images in the engine EG and outputs the video 
signal to the engine controller 10 via a video interface not shown. Then, the 
laser driver 121, which received the video signal, controls ON/OFF of a 
semiconductor laser of the exposure unit 6 whereby an electrostatic latent image 
of each of the color components is formed on the photosensitive member 22. 
The image corresponding to the image signal is formed in this manner. 
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[0073] In the image forming apparatuses of this type, the gamma 

characteristic varies from apparatus to apparatus. Furthermore, the apparatus 
per se encounters the variations of the gamma characteristic thereof according to 
the use conditions thereof In order to eliminate the influences of the varied 
gamma characteristics on the image quality, a tone control process is performed 
at a predetermined timing so as to update the contents of the tone correction 
table 118 based on measurement results of image density. 

[0074] In the tone control process, toned patch images for tone 

correction, prepared in advance for measurement of the gamma characteristic, 
are formed on the intermediate transfer belt 71 by means of the engine EG A 
density of each of the toned patch images is detected by the density sensor 60, 
Based on signals from the density sensor 60, the tone characteristic detector 123 
generates a tone characteristic (the gamma characteristic of the engine EG) 
which relate the individual tone levels of the toned patch images with the 
detected image densities and outputs the tone characteristic to the correction 
table calculator 119 of the main controller 11. Then, the correction table 
calculator 119 calculates, based on the tone characteristic supplied from the tone 
characteristic detector 123, tone correction table data for obtaining an idealistic 
tone characteristic by compensating for the measured tone characteristic of the 
engine EG, and updates the contents of the tone correction table 118 to the 
calculation results. The tone correction table 118 is modified in this manner. 
Thus, the image forming apparatus is able to form images of a consistent quality 
regardless of the variations of the gamma characteristic thereof or the time- 
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related variations thereof 

[0075] Next, six embodiments will be described in turn which relate to a 

structure of a toner counter for calculation of a toner amount consumed in 
forming toner images in the image forming apparatus which is structured as 
described above. 
<First Embodiment 

[0076] Fig. 4 is a diagram which shows a first embodiment of a toner 

counter according to the invention. A toner image is composed of a lot of 
printing dots. A total toner consumption amount is obtained by calculating a 
sum of a toner amount consumed in forming each of the printing dots. In this 
embodiment, in order to calculate the toner consumption amount, a data buffer 
120 and a toner counter 220 are provided as shown in Fig. 4, the data buffer 120 
temporarily storing binary data of a pulse signal (video signal) which is 
outputted from the pulse modulator 117, the toner counter 220 which calculates 
the toner consumption amount based on the data stored in the buffer. 
[0077] Fig. 5 is a drawing which shows an example of data of a video 

signal. In this apparatus, the laser light source of the exposure unit 6 scans and 
exposes the surface of the photosensitive member 22 in one direction (this 
direction is hereinafter called "main scanning direction"), and the surface of the 
photosensitive member moves in a direction orthogonal to the main scanning 
direction (hereinafter called "sub scanning direction"), thereby forming a two- 
dimensional electrostatic latent image on the surface of the photosensitive 
member. One cycle of the video signal (pulse signal) which is outputted from 
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the pulse modulator 117 corresponds to one scanning line in the main scanning 
direction by the exposure unit 6. In the cycle, the laser light source is on 
during the pulse signal is maintained to "1" (high level), whereas the laser light 
source is off during the pulse signal is maintained to "0" (low level). In 
addition, at this stage, the description is made on condition that on and off of the 
laser is performed by the single dot. 

[0078] The data buffer 120 has a data length which corresponds to 

number of dots which it is possible to form in one scanning line, that is, a value 
of multiplying a length of the scanning line by resolution in the main scanning 
direction. Then, the data buffer 120 regards the pulse signal described above as 
a binary data of 1/0, and stores three consecutive words in which one cycle of 
the binary data or one scanning line of the binary data is one word. For 
example, in the case where the length of the scanning line is about 20 
centimeters and the resolution in the main scanning direction is 600 dots per 
inch, the length of one word equals about 4700 bits. However, the description 
is made on condition that one word equals 30 bits for easier comprehension. 
[0079] Fig, 6 is a schematic diagram which shows a content stored in the 

data buffer. In this diagram, a bit of value "1" is indicated by a circle, and a bit 
of value "0" is indicated by a blank space. When the data of three words are 
arranged, the state of the distribution of the printing dots in a matrix plane of 30 
by 3 dots on the photosensitive member 22 is made clear. For example, 
regarding a dot denoted at a reference symbol Da, there is another dot one for 
each above and below. On the other hand, there is no other dot around a dot 
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denoted at a reference symbol Db. From this fact, it is speculated that a toner 
amount adhered to the dot denoted at a reference symbol Da is larger than that 
adhered to the dot (isolated dot) denoted at a reference symbol Db due to an 
interaction between the dot Da and the dots formed around. In die same way, a 
toner adhesion amount of each of the printing dots formed on the photosensitive 
member 22 is different depending upon the absence or presence of a printing dot 
around. In other words, the toner consumption amount to form the printing dot 
can be estimated based on the number of dots around the dot subject to 
calculation. 

[0080] Therefore, the total toner consumption amount to form each of 

the dots in the matrix plane shown in Fig. 6 is obtained by two methods (1) and 
(2) shown below. However, only the procedures of calculation of the two 
methods are different from each other and the results obtained are the same. 

(1) a toner consumption amount of each of the dots in the matrix plane is 
respectively calculated based on the number of dots around, and the amounts of 
all of the dots are accumulated; 

(2) each of the dots in the matrix plane is divided into classes based on the 
number of dots around, the number of dots in each of the classes are counted, 
each of the count value is multiplied by a coefficient (which is set for each of the 
classes) corresponding to a toner amount per dot, and the results are 
accumulated, 

[0081] The toner counter 220 in this embodiment calculates the toner 

consumption amount per page by the method (2) mentioned above, and a 
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specific operation is described hereinafter. 

[0082] Fig. 7 is a diagram showing a structure of the toner counter of the 

first embodiment. Fig. 8 is a diagram showing classes of the printing dots 
based on the number of an adjacent dot. In Fig. 8, the printing dot subject to 
process is denoted at a mark of a circle with hatching, and an adjacent dot 
described hereinafter is denoted at a mark of a white circle. 
[0083] This toner counter 220 comprises a pattern determination circuit 

221 which divides, based on data stored in the data buffer 120, each of the 
printing dots formed in an image of one page into classes depending upon the 
number of dot formed around the dot subject to calculation. The pattern 
determination circuit 221 determines, for each of the printing dots, how many 
dots other than the dot subject to calculation are present in the 3 by 3 matrix 
plane in which the dot subject to calculation is the center, and outputs value 
"1" to either one of counters 2220 through 2228 depending upon the 
determination result. For example, in the case where the printing dot subject to 
determination is an isolated dot like the dot Db shown in Fig. 7, since the 
number of adjacent dot equals 0, the pattern determination circuit 221 outputs 
value "1" to the counter 2220. Whereas, in the case where the number of 
adjacent dot is two in the 3 by 3 plane like the dot Da shown in Fig. 7, the 
pattern determination circuit 221 outputs value "1" to the counter 2222. The 
counters 2220 through 2228 count the number of times the pattern determination 
circuit 221 outputs value "1" during a predetermined unit time period which 
corresponds to an image of one page for instance. In this manner, the numbers 
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CO, CI, C2, C3, C4, C5, C6, C7 and C8 which respectively represent, among all 
of the printing dots which constitute the image of one page, the numbers of 
adjacent dot being 0, 1, 2, 3, 4, 5, 6, 7 and 8 are counted by the counters 2220, 
2221, 2222, 2223, 2224, 2225, 2226, 2227 and 2228 respectively. 
[0084] Then, when the count of one page is finished, the counters 2220 

through 2228 output the count values CO through C8. The count values CO 
through C8 are multiplied by coefficients K0 through K8 respectively, the 
results are added each other, and then multiplied by a coefficient Kx, whereby 
the toner consumption amount TC in forming images of the page concerned is 
calculated. That is, the toner consumption amount TC is obtained by the 
equation below. 

TC=Kx*(K0*C0+Kl*Cl+K2*C2+...+K7*C7+K8 :is C8) 

...(equation 1) 

In addition, in the calculation method (1) described above, each time the printing 
dot appears, coefficient K0 and the like is selected as a weight of the dot 
corresponding to the number of adjacent dot, and the values are accumulated for 
one page. Hence, the toner consumption amount obtained by the method (1) is 
also the same result indicated by the above-described equation 1 . 
[0085] The coefficients K0 through K8 are weighted corresponding to 

the difference of the toner amount which adhere to the central dot depending 
upon the number of adjacent dot. The example shown in Fig. 8 indicates that, 
to a dot the number of adjacent dot equals 0 (isolated dot) and to a dot the 
number of adjacent dot equals two for instance, 0.9 and 1.3 times as much as 
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toner adhere compared to a dot the number of adjacent dot is five. 
[0086] Further, the coefficient Kx is a value corresponding to a toner 

adhesion amount per dot to a typical dot (a dot the number of adjacent dot 
equals five in the embodiment). As described above, weightings which 
correspond to a difference of toner adhesion amount depending upon the number 
of adjacent dot are made and the results are added each other, whereby the total 
number of dots is obtained. Then, the total number of dots is multiplied by the 
coefficient Kx, thereby calculating the toner amount TC consumed in forming 
images of one page. These coefficients are obtained by way of experiment. 
To be more specific, various images of different patterns are formed, dots are 
divided into classes depending upon the number of adjacent dot, the numbers of 
dots of each of the classes are counted and the toner consumption amount is 
measured. Then, the coefficients K0 through K8 and Kx are determined so that 
the measured value and the calculated value coincide with each other as much as 
possible. In addition, it is necessary to obtain the coefficients individually for 
each of toner colors. 

[0087] In addition, according to this calculation method, in order to 

calculate a toner consumption amount of each of the printing dots which exist on 
one scanning line individually, data of pulse signal of total of three lines 
including the scanning line subject to calculation and one line each of before and 
after (or above and below) thereof are enough. Therefore, in this embodiment, 
the data buffer 120 stores data of three scanning lines, and when the pattern 
determination of all the printing dots on one line is finished, clears data of one 
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line which is the oldest, and newly stores the data of the next one line. 
[0088] Fig. 9 is a diagram showing an actual example of an arrangement 

of the printing dots and the toner count. In this example, the toner 
consumption amount is calculated in the case where one page is composed of 30 
by 10 dots. In Fig. 9, a printing dot exists in a section where a numeral is 
written, and the numeral indicates the number of dots adjacent to the dot subject 
to calculation. In this example, the total number of the printing dots is 92, and 
out of that, the numbers CO, CI, C2, C3, C4, C5, C6, C7 and C8 which 
respectively represent the numbers of adjacent dot being 0, 1, 2, 3, 4, 5, 6, 7 and 
8 are 5, 14, 25, 4, 12, 16, 16, 0 and 0, respectively. The "weighted" number of 
dots is 103, which is obtained by multiplying these numbers CO through C8 by 
the coefficients K0 through K8 respectively and by adding the multiplication 
results. This value is enjoined by an effect of a state of a two-dimensional 
arrangement on the toner consumption amount which is not considered in a 
conventional technique which simply counts the number of dots or which only 
considers the state of one-dimensional continuity. Hence, it is possible to 
calculate the toner consumption amount in actual images which spread in two 
dimension. 

[0089] In addition, the toner consumption amount per page calculated by 

the toner counter 220 in this maimer can be accumulated by the CPU 101 and be 
stored in the RAM 107 for instance for the management of the expendable 
supplies of the developers. For example, when the total toner consumption 
amount reaches a certain value, which means that the remaining amount of toner 



29 



in the developer is less than a predetermined amount, a message indicating to 
user the fact that the remaining toner is little, a message prompting to user to 
change the developer, and the like may be displayed in the display 12. 
[0090] Fig. 10 is a graph showing a matching of the calculated value and 

the measured value of the toner consumption amount. The toner consumption 
amount is calculated according to this embodiment in various images and the 
calculated result is compared with the actual measurement value. As shown in 
Fig. 10, there is a good proportional relationship between the two (correlation 
coefficient R2 = 0.9918). It is confirmed that it is possible to calculate the 
toner consumption amount accurately using this calculation method. 
[0091] As described above, in this embodiment, corresponding to the 

fact that the toner consumption amount of each of the printing dots varies 
depending upon the presence of a dot around the dot subject to calculation, each 
of the printing dots is divided into classes according to the number of the 
adjacent dot and is counted, and the toner consumption amount is obtained 
based on the count value. Specifically, the classification of the printing dots is 
performed based on the state of the two-dimensional arrangement, whereby it is 
possible to obtain the toner consumption amount more accurately than the 
conventional technique which simply adds the number of dots or which takes 
into consideration only the state of the one-dimensional arrangement. 
[0092] In addition, there are cases that toner stored in the individual 

developers is consumed for use other than the image formation described above. 
For example, in this kind of image forming apparatus, a phenomenon (fogging) 



30 



is well known in which a very small amount of toner is adhered to a part where a 
dot is not supposed to be formed on the surface of the photosensitive member 22. 
The toner consumption amount by the fogging is not highly correlated with the 
image patterns, but rather dependent upon the total area of formed images. 
Therefore, it is possible to obtain the toner consumption amount by the fogging 
by multiplying a value relating to an image area such as a number of pages of 
formed images or a driving time of the developer or the like by a certain rate. 
Further, in the case where a test pattern which is used inside the apparatus and 
the like are formed without a user's command, it is necessary to calculate the 
toner amount consumed by these operations separately. The toner amount 
consumed by the use other than the image formation calculated in this manner is 
added to the calculating formula described above (equation 1), whereby it 
becomes possible to obtain the toner consumption amount in the whole of the 
apparatus. The same holds for the individual embodiments described 
hereinafter. 

[0093] As described above, in this embodiment, the photosensitive 

member 22, the developer unit 4, and the exposure unit 6 function as a "latent 
image carrier 5 ', a "developing section", and a "latent image forming section" of 
the invention respectively. Further, the toner counter 220 functions as a "toner 
consumption amount calculator" and a "toner counter" of the invention. 
Further, the data buffer 120 functions as a "storage" of the invention. Further, 
the 3 by 3 dot-matrix plane in which the center is the printing dot subject to 
calculation corresponds to a "predetermined area" of the invention. 
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[0094] In addition, in the toner counter 220 in the embodiment above, 

the printing dots are classified according to the number of dots present in the 3 
by 3 matrix plane in which the dot subject to the process is the center, but the 
invention is not limited to this. The 5 by 5 dots plane in which the dot subject 
to calculation is the center may be considered for instance. However, it is 
necessary for the data buffer to store the data of five lines in this case, whereby 
more storage capacity is needed. Further, the toner adhesion amount of each of 
the printing dots is strongly affected by the dot which is at a relatively near 
position, whereas not affected so much by the dot which is at a far position, 
hence, there is not much merit in obtaining a better accuracy even when the area 
to include for the process is broadened more than is necessary. 
[0095] Further, in the embodiment described above, the printing dot is 

counted per one dot. However, in the actual image forming apparatus, it is 
possible to control the size of dot more finely by controlling the turn-on time of 
the laser. It is possible to calculate the toner consumption amount basically in 
the same light described above even in this case. When the above-mentioned 
matrix plane is divided more finely, a grid of about 0.1 dot by 0.1 dot for 
instance, it is possible to respond flexibly to the case where a dot size becomes a 
broken number. Further, it may be that instead of counting the number of the 
printing dots per dot, the printing dot whose size is a half of the normal one dot 
may be counted as a 0.5 dot. Further, the printing dot may be classified 
according not to the number of the adjacent dots but to the area occupied by the 
adjacent dots in the predetermined region. 
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<Second Embodiments 

[0096] In the toner counter of a second embodiment described 

hereinafter, the calculation method of the toner consumption amount is changed 
depending upon a content of the process performed in the half-toning section 
116. More specifically, the calculation method of the toner consumption 
amount is changed depending upon the kind of screen applied to the signal 
processing performed in the half-toning section 116. 

[0097] Fig. 1 1 is a group of drawings which show examples of screens 

used in the half-toning processing. Two kinds of screens shown in Figs. 11 A 
and 11B are described here. A first screen (screen A) shown in Fig. 11 A is a 
screen suited for an image which needs a high resolution. That is, this screen A 
is a screen of a dot structure which has an angle of inclination of 60 degrees to 
the scanning direction (the main scanning direction) of the light beam L toward 
the photosensitive member 22,and the pitch PI of the dots of the screen A is 
smaller than that of the screen B described hereinafter. In this manner, the 
screen A, having a comparatively fine pitch PI, is a screen suited for an image 
which needs a high resolution, an image composed mainly of a character for 
instance. 

[0098] On the other hand, a second screen (screen B) shown in Fig. 11B 

has an angle of inclination of 60 degrees which is the same with the screen A, 
whereas the pitch P2 of the screen B is larger than that of the screen A. Hence, 
it is better than the screen A in terms of halftone image representation. That is, 
the screen B is a screen suited for a graphic image such as a photograph, a 
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natural image and the like. 

[0099] The half-toning section 116 judges the type of image to be 

formed based on the inputted image signal, selects one of above-mentioned two 
kinds of screens suitable for the type of image, and performs the half-toning 
processing. As a result, in the formed image, the printing dots are arranged 
having a periodicity corresponding to the pitch of the screen used, and the 
interval of the printing dots becomes a value corresponding to the pitch. In 
other words, if the screen used is found out, it is possible to estimate how the 
printing dots are arranged and having what interval between each other to some 
extent. In addition, the screen is not limited to the two kinds described above, 
other screens having different angle of inclination of different pitch may be 
provided. 

[0100] Fig. 12 is a diagram which shows a second embodiment of a 

toner counter according to the invention. In this image forming apparatus, as 
shown in Fig. 12, a toner counter 200 which calculates the toner consumption 
amount based on the video signal outputted from the pulse modulator 117 in the 
main controller 11 is provided in the engine controller 10, The inventors have 
come to develop a toner counter described in detail hereinafter based on the 
results of the various experiments. In addition, although the description is 
made hereinafter about the result of study performed on the black color toner as 
a representative example, the same holds for other toner colors, 
[0101] Fig. 13 is a group of drawings which show examples of test 

patterns used in the experiments. The inventors formed images of test patterns 
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in which the sizes of the printing dots are constant and only the intervals thereof 
are different variously using the image forming apparatus structured described 
above, and measured a toner consumption amount per one printing dot of each 
of the images. In more detail, as shown in Figs. 13 A through 13C, images, 
composed of plural lines of which the width is 1 dot and the intervals X in- 
between are different variously, are used as test patterns. An image of the 
width of lines being 1 dot and the line interval being X dots is hereinafter called 
"1-on X-off image". For example, "1-on 1-off image" means an image in 
which lines of 1-dot width are arranged in parallel with an interval of 1 dot in- 
between, and "1-on 2-off image" means an image in which lines of 1-dot width 
are arranged in parallel with an interval of 2 dots in-between. Further, the 
pattern shown in Fig. 13 A is a so-called solid image and is not strictly the 1-dot- 
line image, but it is treated here as a kind of 1 -line image of which a line interval 
X is zero. 

[0102] In Figs. 13A through 13C, "main scanning direction" is a 

scanning direction of the exposure beam L, and "sub scanning direction" is a 
direction orthogonal to this direction and is a moving direction of the surface of 
the photosensitive member 22. In addition, in Figs. 13A through 13C, a case 
where the line interval X is an integer, that is, the line interval is an integral 
multiple of the dot width, is illustrated by an example. However, it is possible 
to set the line interval X other than an integer value by controlling the turn-on 
timing of the exposure beam L. In this experiment, measurement was also 
made in the case where the line interval is other than an integer value. Further, 
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only the test patterns composed of lines which extend in the sub scanning 
direction are shown as a representative example. This is because the line 
interval of lines which extend in the sub scanning direction can be set randomly 
by controlling the turn-on timing of the exposure beam L. On the other hand, 
since the interval of the lines which extend in the main scanning direction is 
determined by the moving pitch of the photosensitive member 22 and the 
scanning cycle of the exposure beam L, it cannot be set to any value. However, 
the relationship between the line interval and the toner consumption amount 
show the same tendency of the image composed of lines which extend in the sub 
scanning direction described above. 

[0103] Fig. 14 is a graph showing the relationship between the line 

interval and the toner consumption amount. Fig. 15 is a drawing which shows 
the relationship between the dot count value and the toner consumption amount. 
The result that the toner consumption amount per one printing dot which 
composes each of the lines varies depending upon the line interval X is indicated 
as shown in Fig. 14. More specifically, as the line interval X increases from 
zero (solid image) gradually, the toner consumption amount per dot increases 
once, then decreases. And after it becomes local minimum at about X=2, it 
gradually increases toward a certain asymptotic value. 

[0104] When the pitch in the two kinds of screens A and B described 

above is converted to the line interval, they become values denoted at broken 
lines A and B shown in Fig. 14 respectively. In this manner, since each of the 
two screens has a pitch different from each other, the arrangement pitch of the 
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printing dots is also different, and each of the toner amount per one printing dot 
in the image which processing is performed using these screens is different from 
each other To be more precise, die toner amount per dot in the image which is 
formed using the screen B is greater than that in the image which is formed 
using screen A. Therefore, as shown in Fig. 15, even when the number of the 
printing dots formed is the same, the total amount of the toner consumption 
amount becomes different. Hence, it is necessary to change the calculation 
formula depending upon the screen used in the case where the toner 
consumption amount is obtained based on the counted value of the printing dots. 
[0105] Fig. 16 is a diagram which shows a structure of the toner counter 

in the second embodiment. This toner counter 200 calculates the toner 
consumption amount based on the screen information given from the half-toning 
section 116 and the video signal given from the pulse modulator 117 both in the 
main controller 11. More in detail, a counter 211 which counts the number of 
the printing dots formed based on the video signal given from the pulse 
modulator 117 is provided in the toner counter 200. The counter 211, in a 
predetermined calculation unit such as one page unit or one job unit or the like, 
outputs a total counted value DC of the printing dots during the period. The 
counted value DC outputted from the counter 211 is inputted to a multiplier 212 
and is multiplied by a predetermined coefficient Ky. The product TC is the 
toner consumption amount during the period. 

[0106] As the coefficient Ky, not a constant value but a value selected 

from a coefficient table 213 based on the screen information, that is, the 
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information indicating which screen is to be used, given from the half-toning 
section 116 is used. In an example shown in Fig. 15, the toner consumption 
amount is greater in the case where the screen B is used than in the case where 
the screen A is used. Hence, the coefficient corresponding to screen A is 
greater than that corresponding to screen B, whereby it becomes possible to 
calculate the toner consumption amount accurately regardless of the difference 
of the toner amount between the screens described above. 

[0107] In addition, the dot counter 21 1 in this embodiment counts simply 

the number of the printing dots without considering the consecutive state of the 
printing dots. However, it goes without saying that the counter of a type, 
similar to the counter described in the Patent Document 1 mentioned above, 
which divides the printing dots into classes depending upon the consecutive 
state of the printing dots, counts them individually, multiplies them by a 
predetermined weight, and accumulates them may be used. Further, the weight 
may be changed depending upon the kind of the screen used. Further, not the 
number of the printing dots but the number of a group of the printing dots 
composed of the successive printing dots may be counted. That is, it may be 
that the number of a group of the printing dots composed of one printing dot or 
successive plural printing dots is counted for each of the length, each of the 
counted values is multiplied by a coefficient corresponding to the length of the 
group, and then accumulated. 

[010S] Further, there may be a case that plural areas in which the screen 

used are different from each other are included during the period subject to 
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calculation depending upon the formed image. In a case like this, since the 
toner consumption amount per dot is different in each of the areas, it is 
necessary to calculate the toner consumption amount for each of the areas 
individually. 

[0109] Fig. 17 is a drawing which shows an example of an image in 

which text and graphic are mixed. An example that a text block TB composed 
mainly of a character image and a graphic block GB in which photos and the 
like are pasted are mixed is considered here. In the image like this, the screen 
A which is excellent in resolution is used for the text block TB. On the other 
hand, the screen B which is excellent in expression of half-toning is used for the 
graphic block GB in which photos and the like are pasted. Therefore, it is 
preferable that the toner consumption amount in the text block TB and the toner 
consumption amount in the graphic block GB are calculated using a method 
different from each other. 

[0110] As described above, in this embodiment, the toner consumption 

amount is calculated based on the number of the printing dots. In this case, in 
view of the fact that the toner consumption amount is different depending upon 
the distribution state of the printing dots, the calculating method of the toner 
consumption amount is varied depending upon the content of the signal 
processing executed to the image signal given from the external apparatus, to be 
more specific, depending upon the kind of the screen used in the half-toning 
processing. In this manner, it becomes possible to calculate the toner 
consumption amount accurately regardless of the difference of the toner 
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adhesion amount per dot due to the difference of the pitch of the screen. 
[0111] More specifically, when the screen A whose pitch is fine is used, 

since the toner consumption amount per one printing dot is greater than in the 
case where the screen B whose pitch is rough is used, the coefficient Ky to 
multiply the dot count value is made greater value than in the case of the screen 
B. In this manner, in accordance with the difference of the toner consumption 
amount caused by the fact that the distance between the printing dots of the 
individual screen is different, it is possible to calculate the toner consumption 
amount accurately when either screen is used. 

[0112] Further, in the toner counter in the embodiment above, the toner 

consumption amount is obtained based on the video signal fed to the laser driven 
The pulse width of the pulse signal like this is an information directly indicating 
the successive state of the printing dot and the off dot, hence it is possible to 
understand easily the size of the group of the printing dots and the group of the 
off dots (or the number of dots which compose the groups). 
[0113] As described above, in the above embodiment, the engine part 

EG and the main controller 11 function as an "image forming section" and a 
"signal processor" of the invention respectively. Further, in the above 
embodiment, the toner counter 200 functions as a "toner consumption amount 
calculator" and a "toner counter". 

[0114] In addition, as described above, the feature of this embodiment is 

to change the toner consumption amount calculating method by means of the 
toner counter 200 depending upon the kind of the screen used, hence about the 
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structure and the calculating formula for calculating the toner consumption 
amount, other known techniques may be applied other than the ones described 
above. Therefore, other than the method to change the coefficient as in the 
above embodiment, two kinds of toner counters may be provided which are 
optimized for the individual screens and used by changing them corresponding 
to the kind of the image for instance. 

[0115] Further, in the above embodiment, in the case where a text image 

block and a graphic image block are mixed in an image of one page, the toner 
consumption amount is obtained for the individual blocks respectively. Other 
than this method, the toner consumption amount may be obtained for the 
individual blocks in a unit of smaller block (dot matrix of several dots by several 
dots for instance). 

[0116] Further, in the case where a distribution state of the printing dots 

in a formed image can be estimated based on the content of the image signal fed 
from the external apparatus or on the progress of the signal processing, the toner 
consumption amount calculating method may be changed based on the 
estimation. For instance, in an image in which a uniform background color is 
set in a whole or a part of the formed image, it is possible to estimate to a certain 
degree in what density and in what arrangement the printing dots are formed in 
the background part, based on the specified content of the background color or 
the density. In a case like this, as to the background part, it is possible to 
enhance the accuracy of the toner consumption amount calculation by selecting 
the calculation method in accordance with the estimated distribution state of the 
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printing dots. 
<Third Embodiment 

[0117] As described in the Patent Document 1 and as described in the 

first embodiment, the toner consumption amount of one printing dot is affected 
by the presence or absence of other printing dots in the vicinity of the printing 
dot subject to calculation. This is because the latent image profiles 
corresponding to the respective printing dots interfere with each other on the 
photosensitive member 22. Consequently, in the two-dimensional toner count 
technique, the toner consumption amount of each of the printing dots is obtained 
based on the number of other printing dot (adjacent dot) which is present in 
the (M by N)-dot matrix the center of which is the printing dot subject to 
calculation, where M and N are natural numbers. 

[0118J It is possible to calculate the toner consumption amount of each 

of the printing dots using a table which indicates a relationship between the 
number of adjacent dot in the M by N dot matrix the center of which is the 
printing dot subject to calculation and the toner adhesion amount. More 
specifically, a table is created in which the toner adhesion amount of the printing 
dot corresponds to the number of the adjacent dot. And in obtaining the toner 
consumption amount of a certain printing dot, the number of the adjacent dot of 
the printing dot subject to calculation is obtained, and the table is referred based 
on the number, whereby the toner consumption amount of the printing dot 
subject to calculation is obtained. Then, the toner consumption amount of each 
of the printing dots is accumulated in a predetermined calculation unit, in 1- 
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page-image unit for instance, whereby the total toner consumption amount in the 
unit is obtained. According to the knowledge of the inventors, it is preferable 
to change the size of the matrix in accordance with the content of the image to 
form rather than to keep it to a constant value. 

[0119) For example, in an image in which a halftone is frequently used 

such as a photographic image and the like (hereinafter called a "halftone 
image") the printing dots of a various tone level are distributed adjacent to one 
another and over a large area. In an image like this, the toner consumption 
amount of each of the printing dots greatly depends upon the state of other 
printing dots which exist around it. Therefore, in dealing with an image like 
this, it is effective to enlarge the size of the matrix comparatively in enhancing 
the accuracy of the toner consumption amount calculation. 
[0120] On the other hand, in an image based on a line of a constant 

density and a uniform solid pattern and the like such as a character and a chart 
and the like (hereinafter called a "line-based image"), many printing dots having 
the same tone level (especially the maximum tone level and the minimum tone 
level) are often in succession, and halftone is not frequently used, hence the 
arrangement of the printing dots is comparatively simple compared to the 
halftone image. In an image like this, it is less affected to the calculation 
accuracy even when the size of the matrix is small. On the contrary, it is 
possible to simplify the calculation process in this manner. 
[0121] Further, in a color image for example, since intended color is 

obtained by mixing the toner of each color in a appropriate balance, the printing 
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dots having halftone level are formed from a point of view of each toner color. 
On the other hand, in a monochromatic image composed only of a single toner 
color, good reproducibility of halftone is not often required, and a pattern is 
comparatively monotonous. Therefore, it is preferable to change the size of the 
matrix for obtaining the toner consumption amount also depending upon 
whether the formed image is color or monochromatic. 

[0122] Further, in the apparatus of this type, there is a case that the 

screen processing is performed using different screens for each toner color in 
order to prevent a moire pattern from appearing in a color image. In this case, 
it is preferable to change the size of the matrix for each toner color 
corresponding to a mode of the screen used. 

[0123] Consequently, in this image forming apparatus, a table is 

provided for each of the two sizes of the matrix, (3 by 3) and (3 by 5) as 
described hereinafter, the table indicating the relationship between the number 
of the adjacent dot and the toner adhesion amount of the printing dot of the 
center. And the tables are selectively used according to the content of the 
image to be formed. 

[0124] Fig. 18 is a drawing which shows an example of a state of 

arrangement of the printing dots on the photosensitive member. Further, Fig. 
19 is a drawing which shows a first table which corresponds to a (3 by 3) matrix. 
Furthermore, Fig. 20 is a drawing which shows a second table which 
corresponds to a (3 by 5) matrix. When the (3 by 3) matrix is selected, the 
toner consumption amount of the printing dot PD1 shown in Fig. 18 is obtained 
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by referring to the first table based on the number of other printing dots (the 
number of the adjacent dots) in an area Al of 3 dots by 3 dots, the center of 
which is the printing dot subject to calculation. When the number of the 
adjacent dots is two as shown in Fig. 18 for instance, the first table 233 is 
referred, and the value Ml 02 is obtained as the toner consumption amount of the 
printing dot PDL The toner consumption amount of each of the printing dots 
is obtained in this manner, the obtained amounts are summed up, which is a total 
toner consumption amount. 

[0125] Further, when the (3 by 5) matrix is selected, the second table 

234 is referred based on the number of the adjacent dots in an area A2 of 3 dots 
by 5 dots, the center of which is the printing dot subject to calculation, and the 
toner consumption amount of the printing dot PD2 shown in Fig. 18 is obtained. 
When the number of the adjacent dots is four as shown in Fig. 18 for instance, 
the value M204 is obtained as the toner consumption amount of the printing dot 
PD2. 

[0126] In this example, the tables are switched based on the information 

fed from the main controller 11. In the main controller 11, signal processing 
such as the color converting processing, the screen processing and the like are 
executed on the image signal fed from the host computer 100. Therefore, an 
information concerning the image to be formed being either color or 
monochromatic, an information concerning toner color to which the toner image 
currently being formed corresponds, or an information concerning the kind of 
screen used in executing the signal processing, or the like have to be grasped in 
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the main controller 1 1 . Consequently, these pieces of information are utilized 
as a switching information for switching the tables. 

[0127] Fig. 21 is a drawing which shows a mode of selection of the 

matrixes and the tables. In this apparatus, the screen processing is not executed 
on the image signal when the monochromatic image of the black color is formed. 
Consequently, in the case where the video signal outputted from the pulse 
modulator corresponds to the monochromatic image, the small size (3 by 3) 
matrix is selected and the first table 233 is selected. On the other hand, in the 
case where the video signal corresponds to the color image, two kinds of 
matrixes are selectively used depending upon the toner color. The reason is as 
follows. 

[0128] Fig, 22 is a group of drawings for describing the difference of the 

applied screen for each toner color. In forming a color image, two kinds of 
screens are selectively used depending on color in order to prevent a moire 
pattern from appearing in the image. As shown in Fig. 22, a dot-growing 
screen is applied for cyan color and yellow color, whereas a line-growing screen, 
whose screen angle is 45 degrees, is applied for magenta color and black color. 
Since the state of arrangement of the printing dots is different due to the 
difference of the screens mentioned above, the (3 by 3) matrix and the first table 
are selected for cyan color and yellow color, whereas the (3 by 5) matrix and the 
second table are selected for magenta color and black color. In addition, it is 
preferable to set the numeric values of each table individually for each toner 
color. 
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[0129] Fig. 23 is a diagram which shows a structure of a toner counter of 

a third embodiment. In a toner counter 230, a pattern determination circuit 23 1 
for obtaining the number of the adjacent dot, two tables 233 and 234 described 
above, a selection switch 232 for selecting either one of these tables, and an 
accumulator 235 which calculates a cumulative sum of the outputs of the table 
are provided. Further, a data buffer 130 is provided in the engine controller 10, 
in which video signal which is outputted from the pulse modulator 117 of the 
main controller 1 1 is temporarily stored as binary data. 

[0130] The pattern determination circuit 231 obtains die number of the 

adjacent dot in the matrix which is specified based on the switching information 
given from the main controller 11 and the criteria of Fig. 21. One of the two 
tables which is selected by the selection switch 232 based on the information 
given from the main controller 11 and the criteria of Fig. 21 is referred to 
according to the number of the adjacent dot thus obtained and the toner 
consumption amount of the single printing dot is inputted into the accumulator 
235. In the accumulator 235, by accumulating the output from the table for a 
predetermined unit period, for 1 -page-image unit for instance, it is possible to 
calculate the toner consumption amount during the unit period, 
[0131] In addition, the description is made above about the case where 

the tone level of each of the printing dots is either 100 % or 0 % 5 the above 
concept may be applied to the case where each of the printing dot has the 
halftone level. More specifically, the number of the adjacent dot which exists 
in the matrix is not used as the number of the adjacent dot. All the tone levels 
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of the adjacent dot is accumulated, and the quotient of the accumulation divided 
by the 100 % tone level (level 255) is used instead. Further, regarding the 
toner consumption amount of each of the printing dots also, the value obtained 
from the table is multiplied by the tone level which the printing dot subject to 
calculation has and then it is divided by 255, and the quotient may be used. 
Further, in this case, it is preferable to use multiple data outputted from the half- 
toning section 116 instead of video signal outputted from the pulse modulator 
117. 

[0132] Further, there are cases that a part of toner stored in the developer 

is consumed as the so-called fogging or scatters into the inside of the apparatus 
from the developing roller 44, without contributing to the formation of the toner 
image. Since the amount of toner like this cannot be obtained by the method 
described above, the amount of toner like this is estimated by means of other 
proper method, the estimation is added to the toner consumption amount 
obtained by the toner counter 230 described above, whereby the remaining toner 
amount in the developer is calculated more accurately 

[0133] Further, the toner consumption amount calculated in this manner 

may be added cumulatively in the CPU 101, the result may be stored in the 
RAM 107 and be used for the management of the expendable supplies of the 
developers. For example, when the total toner consumption amount reaches a 
certain value, which means that the remaining amount of toner in the developer 
is less than the predetermined amount, a message indicating to user the fact that 
the remaining toner is little or a message prompting to user to change the 
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developer may be displayed in the display 12. 

[0134] Next, a description is made about a method of determining the 

content of the video signal without using the information from the main 
controller 11. As described above, it is preferable to change the size of the 
matrix depending upon whether the formed image being halftone image or the 
line-based image. However, it is not always easy to determine between the two. 
For example, there is an image which includes a photograph even though it is 
monochromatic, and there is also an image of character which is made using 
halftone. Therefore, there can be a case where it is undesirable to determine 
the size of the matrix based only on the simple criterion such as color image or 
monochromatic image and the like. The method described hereinafter is a 
determination method which can be applied to the case like this. 
[0135] Fig. 24 is a group of drawings which show a relationship between 

the image content and the frequency of appearance of the printing dot having the 
various tone level. On studying the frequency of appearance of the printing dot 
having the various tone level in a predetermined unit, 1-page unit for instance, 
there is a marked difference between the halftone image such as a photographic 
image and the like and the line-based image such as a character image and the 
like as shown in Fig. 24. In more detail, the frequency of appearance of the 
printing dot having the tone level of around 100 % tone level (level 255) and 
around 0 % tone level (level 0) is protruding in the line-based image. Whereas 
in the halftone image, the printing dot having the tone level of gray appears 
more often. It is possible to determine whether the image to be formed should 
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be classified as halftone image or the line-based image using this characteristic. 
[0136] For example, it is possible to determine that the image is a line- 

based image when the ratio of the number of the printing dots having 100 % 
tone level to the total number of the printing dots is not less than a 
predetermined value. However, since the line-based image which has a large 
solid part may be determined erroneously when the dots having 0 % tone level 
are included into the total number of the printing dots, it is preferable to subtract 
the number of the printing dots having 0 % tone level from the total number of 
the printing dots. 

[0137] Further, it is possible to determine that the image is a halftone 

image when the ratio of the number of the printing dots having halftone (the 
printing dots having not less than 10 % tone level and not over than 90 % tone 
level for instance) to the total number of the printing dots is not less than a 
predetermined value for example. Furthermore, it is possible to determine that 
the image is also a halftone image, when there is a tone level of which the 
frequency of appearance of the printing dots is more than a predetermined value 
among the tone levels which belong to halftone. 

[0138] In this manner, it is possible to determine the content of the 

image to be formed by analyzing the content of the video signal without the use 
of the information from the main controller 11. In this way, although the 
process becomes complex, it is possible to calculate the toner consumption 
amount in a manner adapted to the content of the image, and it is possible to 
improve further the calculation accuracy of the toner consumption amount. In 
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addition, this method can be applied to the embodiments described hereinafter. 
[0139J As described above, in this embodiment, the video signal 

generated in the main controller 11 is temporarily stored in the data buffer 130, 
the two-dimensional state of arrangement of the printing dots is estimated based 
on the content thus stored, and the amount of toner consumed in forming each of 
the printing dots is obtained. Therefore, it is possible to obtain the toner 
consumption amount more accurately than the conventional technique which 

i 

! 

takes into consideration of the state of arrangement only in one direction. 
Further, the size of the area to consider the state of arrangement of the printing 
dots, that is, the size of the area represented by the above-mentioned matrix is 
set in accordance with the content of the image represented by the video signal, 
whereby the calculation of the toner consumption amount is executed accurately 
and efficiently. Especially, it is possible to enhance the calculation accuracy 
when the size of the matrix is enlarged, whereas it is possible to simplify the 
calculation process when the size is reduced. And the calculation of the toner 
consumption amount is executed accurately and efficiently by selectively using 
these two. 

[0140] As described above, in this embodiment, the main controller 11 

and the engine part EG function as a "signal processor" and an "image forming 
section" of the invention respectively. Especially, the photosensitive member 
22 functions as a "latent image carrier" of the invention. Further, the video 
signal outputted from the main controller 1 1 corresponds to "printing-dot data" 
of the invention. Further, in this embodiment, the toner counter 230 functions 



51 



as a "toner consumption amount calculator" of the invention. Further, in this 
embodiment, the areas Al and A2 on the photosensitive member 22 which are 
represented by the matrix of (3 by 3) and (3 by 5) corresponds to a "surface area 
subject to calculating process" of the invention. Further, the data buffer 130 
functions as a "storage" of the invention. 

[0141] In addition, in the embodiment above, although two kinds of 

matrix composed of (3 by 3) dots and (3 by 5) dots are used, the size of the 
matrix is not limited to these but set randomly and the variation may be more 
than two kinds. 

[0142] Further, in the above embodiment, the screen processing is not 

executed when a monochromatic image is formed. However, the screen 
processing may be executed always in forming a monochromatic image or only 
when needed. And it is possible to set the size of the "surface area subject to 
calculating process" of the invention properly depending upon whether the 
screen processing is executed or not, or upon the kind of the applied screen. 
[0143] Further, in the above embodiment, the processing screen in 

forming a color image is set to two kinds. However, a different processing 
screen may be applied for each color as a matter of course. In that case, the 
size of the "surface area subject to calculating process" may be set for each toner 
color individually. 
<Fourth Embodiment 

[0144] Next, a fourth embodiment of a toner counter in the image 

forming apparatus according to the invention is described. In this embodiment, 
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a toner image is divided into minute unit segment, and the toner consumption 
amount of each of the unit segments is calculated individually. And the toner 
consumption amount of each of the unit segments is added up, whereby the 
toner consumption amount of the entire toner image is obtained. Further, the 
size of the unit segment is not constant but set to a size in accordance with the 
content of the formed toner image. 

[0145] Fig. 25 is a group of drawings which show examples of the 

setting of the unit segment. The description is made here on the condition that 
a maximum resolution of this image forming apparatus is 600 dpi (dots per inch). 
The term "maximum resolution" here is a resolution determined by the 
structural restriction of the apparatus such as a processing ability of the CPU 
101, a storage capacity, the spot size and the scanning speed of the exposure 
beam, the moving speed of the photosensitive member 22, and the like. That is, 
the minimum dot that can be formed in this apparatus is 1/600 inches in 
diameter. 

[0146] On the other hand, the resolution of the video signal given from 

the external does not necessarily coincide with this. For example, the video 
signal is generated in high resolution by the photo-retouching software of 
personal computers, whereas the video signal which indicates images composed 
of characters and simple charts generated by text editors, the word-processing 
software, and the like is often generated in lower resolution. Further, there are 
cases that the user selects low resolution and generates data on purpose in order 
to compress the size of files and to reduce the processing time. 
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[0147] In this manner, the video signal given to the apparatus is in 

various resolutions, but the operation itself of the apparatus does not change 
significantly by that. As shown in Fig. 25, in the case where an image of 600 
dpi in resolution is formed for instance, the dot is turned on and off in a unit of 
the minimum dot of the apparatus and the toner image is formed. On the other 
hand, in the case where the resolution of the image is 300 dpi, the size of one dot 
does not become 1/300 inches. The minimum dot (1/600 inches) is turned on 
and off in the unit of (2 by 2) dots, whereby the apparent resolution becomes 
300 dpi. 

[0148] In obtaining the toner consumption amount, it is necessary to 

calculate for each dot for the image of 600 dpi in resolution, whereas for the 
image of 300 dpi in resolution, it is not necessary to calculate for each dot and it 
is enough to calculate in the unit of 4 dots (2 by 2 dots). Consequently, in this 
apparatus, the toner consumption amount is calculated for each unit segment, the 
unit segment being one dot for the image of 600 dpi in resolution, whereas the 
unit segment being 4 dots (2 by 2 dots) for the image of 300 dpi in resolution. 
In this manner, the unit segment is set in accordance with the resolution of the 
image to be formed, and the toner consumption amount is obtained, whereby the 
toner consumption amount is calculated accurately and efficiently. 
[0149] Next, the effect of the screen processing in forming a color image 

is considered. A color image is formed by superimposing the toner images of 
each color in proper balance. In this case, when the respective arrangements of 
the printing dots which compose the toner images of each color have the same 
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periodicity, there may appear a moire pattern in the superimposed image, which 
leads to the deterioration of the image quality. Consequently, the periodicity of 
the printing dots is shifted for each color, whereby the moire pattern is prevented 
from becoming conspicuous. As the processing for this, it is possible to realize 
it by varying the screen applied for each color, in executing the screen 
processing on the image data of each color in the half-toning section 116. 
[0150] Fig. 26 is a group of drawings which show examples of the 

arrangement pattern of the printing dots after the screen processing is executed. 
As shown in Fig. 26, the screen processing is executed on the image data of the 
cyan color in (3 by 5)-dot unit, the processing varying the size of the point as an 
assembly of the printing dots (point-growing screen processing). Whereas, die 
screen processing is executed on the image data of the magenta color in (3 by 
3)-dot unit, the processing varying the width of the line of which the slope is 45 
degrees and which is as an assembly of the printing dots (line-growing screen). 
As a result of the screen processing like this, in the arrangement pattern of the 
printing dots after the processing, a characteristic repetitive pattern in (3 by 5)- 
dot unit appears as to the cyan color, and in (3 by 5)-dot unit as to the magenta 
color. 

[0151] For this reason, it is convenient that the size of the unit segment 

which is a unit of the toner consumption amount calculation coincides with the 
unit of the repetition mentioned above. That is, since it is known that the 
printing dots are arranged in (3 by 3)-dot unit in magenta color for instance, the 
(3 by 3) dot is defined as the unit segment. Furthermore, the arrangement of 
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the dots inside the (3 by 3)-dot matrix has a regularity (linear arrangement of 
which the slope being 45 degrees in this example), which limits a combination 
of the dot arrangement to several different kinds. Therefore, it is possible to 
calculate the toner consumption amount for each combination in advance. The 
calculation for obtaining the toner consumption amount of the entire toner image 
is realized by the method of calculating the toner consumption amount for each 
unit segment in accordance with the dot pattern, and adding up the toner 
consumption amount for each unit segment, whereby the calculation is greatly 
simplified compared to the method of calculating for each dot. In the same 
way, (3 by 5) dots may be defined as the unit segment for cyan color. The 
same applies to other colors. 

[0152] Next, the description is made about an example of a specific 

structure of a toner counter which calculates the toner consumption amount 
using the principal described above. 

[0153] Fig. 27 is a diagram which shows a structure of a toner counter in 

a fourth embodiment. As shown in Fig. 27, a toner counter 260 comprises a 
pattern determination circuit 261, a conversion table 263 and an accumulator 
265. Further, in this apparatus, a data buffer 160 is provided for storing 
temporarily a video signal which is outputted from the pulse modulator 117 in 
the main controller 11 and which is binary data indicating on and off states of 
dots. 

[0154] The pattern determination circuit 261 determines the state of the 

arrangement of the printing dots of a toner image based on the binary data stored 
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in the data buffer 160 and outputs the determination result. And the conversion 
table 263 refers to a built-in look-up-table and outputs a value which 
corresponds to data which is outputted from the pattern determination circuit 
26 1. The accumulator 265 accumulates and stores the values outputted from 
the conversion table 263. Further, "switching information" from the CPU 111 
which is provided in the main controller 11 is inputted into the pattern 
determination circuit 261 and the conversion table 263. This "switching 
information" is information which indicates the content of an image to be 
formed being either one of three kinds, namely (1) a image is in high resolution 
(600 dpi) and monochromatic; (2) a image is in low resolution (300 dpi) and 
monochromatic; and (3) a image is in color. Further, in the case where an 
image to be formed is a color image, information is also added which indicates 
the toner color of the toner image being currently formed. And the functions of 
the pattern determination circuit 261 and the conversion table 263 change as 
described hereinafter depending upon the content of the information. 
(1) IN THE CASE WHERE A IMAGE IS IN HIGH RESOLUTION (600 dpi) 
AND MONOCHROMATIC; 

[0155] In this case, the toner counter 260 calculates the toner 

consumption amount, one dot being defined as the unit segment. That is, the 
toner consumption amount for each dot is calculated, and then the results are 
added up, whereby the toner consumption amount of the entire toner images is 
obtained. The content of the specific process is as follows. 
[0156] The toner consumption amount of a single printing dot is affected 
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by the presence or absence of other printing dots in the vicinity of the printing 
dot subject to calculation. It is because the latent image profiles which 
correspond to the respective printing dots interfere mutually. Consequently, in 
calculating the toner consumption amount of each printing dot, the distribution 
state of the dots which surround the dot subject to calculation is considered. 
More specifically, considering a (3 by 3)-dot matrix of which the center is the 
printing dot subject to calculation, the toner consumption amount is estimated in 
accordance with the number of the printing dots (referred to as "adjacent dots" 
hereinafter) other than the printing dot subject to calculation. 
[0157] Fig. 28 is a graph showing the relationship between the number 

of the adjacent dots and the toner adhesion amount. As shown in Fig. 28, the 
toner amount which adheres to a single printing dot varies depending upon the 
number of the adjacent dots around it. In more detail, for example, in the case 
where the printing dot subject to calculation is an isolated dot around which 
there is no adjacent dot (corresponding to the case where the number of the 
adjacent dot is 0), the toner adhesion amount to the printing dot subject to 
calculation is MO. On the other hand, in the case where there are two other 
printing dots at a position adjacent to this printing dot (corresponding to the case 
where the number of the adjacent dot is 2), the toner adhesion amount to the 
printing dot is M2 and this value is a little larger than the value MO which 
corresponds to the isolated dot. This is attributed to the fact that the wells of 
the electric potential which correspond to the printing dots which are formed at 
adjacent position on the photosensitive member 22 interfere mutually. And 
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when the number of the adjacent dots increases further, the toner adhesion 
amount does not increase because the toner is split among the respective printing 
dots. 

[0158] Based on this relationship, it is possible to calculate the toner 

consumption amount of each of the printing dots using a table which indicates 
the relationship between the number of the adjacent dots in the (3 by 3)-dot 
matrix of which the center is the printing dot subject to calculation and the toner 
adhesion amount. That is, a table is generated in advance in which the toner 
adhesion amount of the printing dot corresponds to the number of the adjacent 
dots. In calculating the toner consumption amount of a certain printing dot, the 
number of the adjacent dots of the printing dot subject to calculation is obtained, 
the table is referred based on the number, the number is converted to the toner 
consumption amount of the printing dot subject to calculation, 
[0159] Fig. 29 is a drawing which shows an example of the conversion 

table from the number of the adjacent dots to the toner consumption amount. 
In the conversion table 263 7 the table is generated by making the connection 
between the number of the adjacent dots shown in Fig. 29 and the toner 
consumption amount. The pattern determination circuit 261 determines the 
number of the adjacent dots in the (3 by 3)-dot matrix of which the center is the 
printing dot subject to calculation based on the data stored in the data buffer 160 
and outputs the number. The conversion table 263 outputs the toner 
consumption amount which corresponds to the number of the inputted adjacent 
dots. When the printing dot subject to calculation is the isolated dot for 
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instance, the pattern determination circuit 261 outputs the value 0, and the 
conversion table 263 outputs the toner consumption amount MO which 
corresponds to this value 0. This is repeatedly performed for one page, the 
outputs from the conversion table 263 are accumulated in the accumulator 265, 
whereby the value corresponding to the toner consumption amount of the toner 
image of one page remains in the accumulator 265. 

(2) IN THE CASE WHERE A IMAGE IS IN LOW RESOLUTION (300 dpi) 
AND MONOCHROMATIC; 

[0160] In this case, since the printing dot is turned on and off in the (2 by 

2)-dot unit, (2 by 2)-dot is defined as the unit segment for the calculation of the 
toner consumption amount. In this case, the calculation of the toner 
consumption amount may be performed by the calculation method (1) described 
above using a single unit segment to resemble a single hypothetical dot. 
However, the toner consumption amount may be calculated using easier way as 
described hereinafter. In the case of the image in low resolution, the printing 
dot is turned on and off in the (2 by 2)-dot unit as shown in Fig. 25. When the 
printing dot is considered one by one, there are always not less than three 
adjacent dots around each of the printing dots. As shown in Fig. 28, when the 
number of the adjacent dots is many, the change of the toner adhesion amount is 
little among the respective printing dots. Hence, in this case, it may be 
considered that (2 by 2) dots are one group of dots, and that the number of the 
groups is approximately in proportion to the toner consumption amount. That 
is, in the low resolution image; the number of the groups of dots in one page is 
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counted, the number is multiplied by the toner adhesion amount per one group 
of dots, whereby the toner consumption amount of one page of toner image is 
calculated. 

[0161] The pattern determination circuit 261 determines the state of the 

arrangement of the printing dots based on the data stored in the data buffer 160. 
And it outputs, for each unit segment, a value "1" when the unit segment is in 
the region to which toner should adhere, whereas a value "0" in the region to 
which toner should not adhere. The conversion table 263 outputs a value 
corresponding to the toner adhesion amount per one group of dots (2 by 2 dots) 
which is obtained in advance when the output from the pattern determination 
circuit 261 is CC V\ whereas outputs a value 0 when the output from the pattern 
determination circuit 261 is "0". When this is repeatedly performed for one 
page, the product of the number of groups of dots to adhere toner included in the 
1-page toner image and the toner adhesion amount per one group of dots, that is, 
the value corresponding to the toner consumption amount for 1-page toner 
image is stored in the accumulator 265, 
(3) IN THE CASE WHERE A IMAGE IS IN COLOR; 

[0162] In the case where an image to be formed is a color image, the 

toner counter 260 sets the unit segment for each toner color individually, and 
calculates the toner consumption amount for each unit segment. And the 
results are added up for each toner color, whereby the toner consumption 
amount of one page of color image for each color individually. Specifically, 
the pattern determination circuit 261 in this case determines the arrangement 
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pattern (dot pattern) of the printing dots in the segment for each unit segment 
which is set corresponding to the toner color, and outputs the result to the 
conversion table 263. For instance, (3 by 3)-dot is defined as the unit segment 
for magenta color, and a value corresponding to the dot pattern inside it is 
outputted. 

[0163] Fig. 30 is a drawing which shows a conversion table from the dot 

pattern to the toner adhesion amount. In the conversion table 763, as shown in 
Fig. 30, the table is generated by making the connection between the dot pattern 
in the (3 by 3)-dot matrix and the toner consumption amount. The pattern 
determination circuit 261 determines the dot pattern in each of the unit segment 
based on the data stored in the data buffer 160, and outputs a value 
corresponding to the pattern number. The conversion table 263, receiving this, 
outputs the toner consumption amount (any of MmO through Mmx) 
corresponding to the pattern number. When this is repeatedly performed for 
one page, the value corresponding to the toner consumption amount for one 
page of toner image is stored in the accumulator 265. 

[0164] It is possible to calculate the toner consumption amount of the 

entire toner image for other color by setting the size of the unit segment which 
corresponds to the toner color, determining the dot pattern in each of the unit 
segments, and adding up the toner consumption amount corresponding to the dot 
pattern. 

[0165] As described above, in the toner counter 260 in the image 

forming apparatus according to the invention, the toner image is divided into the 
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unit segments of which the size is set in accordance with the content of the toner 
image, the toner consumption amount is obtained individually for each of the 
unit segments, and the results are added up, whereby the toner consumption 
amount of the entire toner image is obtained. In this way, the unit segment is 
set in accordance with the content of the toner image, whereby the toner 
consumption amount is calculated in a proper mode which corresponds to the 
appearing pattern of the printing dots. Hence, according to this embodiment, it 
is possible to calculate the toner consumption amount accurately and efficiently. 
[0166] In addition, the toner consumption amount calculated in this way 

can be added to accumulate by the CPU 101 and be stored in the RAM 107 for 
instance for the management of the expendable supplies of the developers. For 
example, when the total toner consumption amount reaches a certain value, 
which means that the remaining amount of toner in the developer is less than a 
predetermined amount, a message indicating to user the fact that the remaining 
toner is little, a message prompting to user to change the developer, and the like 
may be displayed in the display 12. 

[0167J As described above, in the above embodiment, the main 

controller 11 and the engine part EG function as a "signal processor" and an 
"image forming section" of the invention respectively. Especially, the 
photosensitive member 22 functions as a "latent image carrier" of the invention. 
Further, the video signal outputted from the main controller 11 corresponds to 
"printing-dot data" of the invention. Further, in this embodiment, the toner 
counter 260 functions as a "toner consumption amount calculator" of the 
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invention. Further, in this embodiment, the area on the photosensitive member 
22 which are represented by 1-dot matrix, (2 by 2)-dot matrix, (3 by 3)-dot 
matrix, (3 by 5)-dot matrix, and the like correspond to a "unit segment" of the 
invention. Further, in this embodiment, the data buffer 160 functions as a 
"storage" of the invention. 

[0168] In addition, in the calculating method of the toner consumption 

amount which corresponds to the image in high resolution and monochromatic 
in the embodiment above, the toner consumption amount is obtained, each 
printing dot being defined as one unit segment. However, the toner 
consumption amount of each of the unit segments may be calculated, several 
dots being put together as one unit segment, corresponding to the arrangement 
of the printing dots inside the unit segment, 

[0169] Further, in calculating the toner consumption amount of the 

image in high resolution and monochromatic in the embodiment described 
above, the toner consumption amount of each dot is obtained, the minimum dot 
being defined as the unit segment, corresponding to the number of the adjacent 
dots in the (3 by 3)-dot matrix. However, the method of calculating the toner 
consumption amount in the unit segment is not limited to this. This is because 
the invention has a feature in setting the size of the unit segment in accordance 
with the content of the data and calculating the toner consumption amount of 
each of the unit segments, and the invention does not limit the method of 
calculating the toner consumption amount of the unit segment. 
[0170] Further, although the above embodiment is on the premise of not 
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performing the screen processing in forming the monochromatic image, there 
are cases that the screen processing is performed even in forming the 
monochromatic image in this type of the image forming apparatus. In the 
apparatus of this kind, the technique to calculate the toner consumption amount 
of a color image described above, that is, the technique to calculate the toner 
consumption amount of the unit segment in accordance with the screen may be 
applied for a monochromatic image. This is true for an image forming 
apparatus exclusive for monochromatic image. 

[0171] Further, there is a case that, if the application which generates the 

image data is known, the kind of image which the application can handle may be 
identified. In this case, the method of calculating the toner consumption 
amount may be changed in accordance with the kind of the application used. 
Further, in the apparatus structured to be able to determine the content of the 
image to be formed or the level of the image quality based on the setting by a 
user, the method of calculating the toner consumption amount may be changed 
in accordance with the content of the setting. 
<Fifth Embodiment 

[0172J In a toner counter of fifth and sixth embodiments described 

hereinafter, the technique (two-dimensional counting technique) to calculate the 
toner consumption amount considering the state of the two-dimensional 
arrangement of the printing dots and the technique (simple counting technique) 
to calculate the toner consumption amount of each of the printing dots without 
considering the state of the arrangement of the printing dots are selectively used. 
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[0173] Fig. 31 is a diagram which shows a structure of a toner counter of 

the fifth embodiment. In this embodiment, a data buffer 140 which temporarily 
stores a video signal which is outputted from the pulse modulator 117 is 
provided in the engine controller 10. This video signal is binary data which 
indicate on and off states of the laser light which exposes the photosensitive 
member 22, that is, the state of the arrangement of the printing dots on the 
photosensitive member 22. 

[0174] In a toner counter 240, a pattern determination circuit 241 is 

provided for determining the number of the adjacent dots of each of the printing 
dots based on the content of the data stored in the data buffer 140. More 
specifically, the pattern determination circuit 241 calculates and outputs the 
number of other printing dots which are present in the (3 by 3) matrix of which 
the center is the printing dot currently subject to calculation based on the data 
stored in the data buffer 140. This output is inputted into the conversion table 
243 described above, A value corresponding to the toner consumption amount 
of the printing dot subject to calculation which is obtained in accordance with 
the number of the adjacent dots is outputted from the conversion table 243. 
This value is inputted into the accumulator 245 and is accumulated. Therefore, 
an accumulated value of the toner consumption amount of each of the printing 
dots which is obtained considering the state of the two-dimensional arrangement 
of the printing dots is kept in the accumulator 245. 

[0175] On the other hand, in the toner counter 240, a dot counter 244 is 

further provided into which a video signal from the pulse modulator 117 is 
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inputted. This dot counter 244 counts and outputs the number of the printing 
dots formed during a predetermined period of time based on the binary data 
which are included in the inputted video signal. In the case where the video 
signal is expressed with binary data of 1/0 for instance, the number of incidence 
of data 1 may be counted. A multiplier 246 is connected to the dot counter 244, 
and the output of the dot counter 244 is multiplied by a coefficient Kz which 
corresponds to the toner adhesion amount per one printing dot. Therefore, the 
output of the multiplier 246 is a product of the number of the formed printing 
dots and a certain toner adhesion ratio Kz, that is, the calculation result of the 
toner consumption amount which is obtained as a result of the simple counting 
technique. 

[0176] An output of the accumulator 245 and an output of the multiplier 

246 are respectively connected to a change switch 242. The change switch 242 
is structured to switch contacts thereof based on the switching information given 
from the half-toning section 116. Hence, the toner counter 240, in effect, 
adopts either one of the two toner consumption amounts selected based on the 
switching information as the final toner consumption amount, one of the two 
toner consumption amounts being a value stored in the accumulator 245, that is, 
the toner consumption amount obtained by means of the two-dimensional 
counting technique, and the other of the two toner consumption amounts being a 
value outputted from the multiplier 246, that is, the toner consumption amount 
obtained by means of the simple counting technique. 

[0177] In addition, the description is made here in such a way that the 
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calculation of the toner consumption amount by means of the two-dimensional 
counting technique and the calculation of the toner consumption amount by 
means of the simple counting technique are handled concurrently. However, in 
an actual use, the calculation process of the one which the result is not adopted 
may be stopped. This is a great advantage when the toner counter 240 is 
realized with software. That is, the processing power of the CPU may be 
assigned to other functions. 

[0178] Next, the switching information outputted from the half-toning 

section 116 is described. The switching information in this embodiment is 
information which indicates whether the signal given from the half-toning 
section 116 to the pulse modulator 117 has been performed the screen 
processing or not. More specifically, when the image to be formed is 
monochromatic and the content of which indicates that the screen processing is 
not required, the image may be estimated as an image mainly composed of a 
character and a line drawing and little with tone (such an image is called here a 
"line-based image"). In a case like this, the switching information is set to 
such a content that the switch 242 selects the output from the multiplier 246, 
On the other hand, when the image to be formed is a color image, or an image 
which requires the screen processing even in monochromatic, the image may be 
estimated as an image in which tone is heavily used (hereinafter called a 
"halftone image"). Consequently, the switching information in this case is set 
to such a content that the switch 242 selects the output from the accumulator 
245. 
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[0179] As a result, the toner counter 240 adopts the toner consumption 

amount obtained by means of the simple counting technique of which the 
process is simple when the image to be formed is a monochromatic and a line- 
based image which the screen processing is not required. On the other hand, 
the toner counter 240 adopts the toner consumption amount obtained by means 
of the two-dimensional counting technique which can calculate the tone 
consumption amount accurately even for the image which contains much tone 
images when the image to be formed is a color image, or a halftone image which 
requires the screen processing even in monochromatic. In this way, one of the 
two kinds of counting technique is selectively used in accordance with the 
content of the image, whereby the toner consumption amount is obtained 
accurately and efficiently according to this embodiment. 
<Sixth Embodiment 

[0180] Fig. 32 is a diagram which shows a structure of a toner counter of 

the sixth embodiment. In this embodiment, the toner consumption amount is 
calculated based on the multiple tone data given from the half-toning section 
116 to the pulse modulator 117, which is the most significant difference 
compared to the fifth embodiment described above. Further, die structure of 
the toner counter 250 is changed in association with this. More specifically, 
the toner consumption amount is calculated in this embodiment as follows, 
[0181] In this embodiment, each of the printing dots is not expressed 

with binary data of simple on and off but with a multiple tone. Therefore, the 
toner consumption amount of one printing dot is not calculated based on the 
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number of the adjacent dots of the printing dot subject to calculation but on the 
sum of the tone level of the printing dot subject to calculation and each of the 
tone levels of the adjacent dots of the printing dot subject to calculation. The 
description is made more specifically. 

[0182] First, the calculation method by means of die two-dimensional 

counting technique is described. The multiple tone data outputted from the 
half-toning section 116 are temporarily stored in the data buffer 150. The 
pattern determination circuit 251 separately outputs a tone level Va of each of 
the printing dots and a value Vb which tone levels of other printing dots 
(maximum number is 8) which are present in the 3 by 3 matrix of which the 
center is the printing dot subject to calculation are accumulated. 
[0183] Considering the printing dot currently subject to calculation, it is 

easily understood that the amount of toner consumed in forming the printing dot 
subject to calculation is affected not only by the tone level Va of the printing dot 
subject to calculation but also the tone levels of the adjacent dots formed around 
it. Therefore, in this embodiment, the tone level Va of the printing dot subject 
to calculation is multiplied by a coefficient Ka which is obtained in accordance 
with the value Vb which is the sum of the tone levels of the adjacent dots thereof, 
whereby the toner consumption amount of the printing dot subject to calculation 
is calculated, 

[0184] Specifically, the table 253 is referred to based on the value of the 

sum Vb of the tone levels of the adjacent dots outputted from the pattern 
determination circuit 251, and the coefficient Ka corresponding to the state of 
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the adjacent dots is determined. This coefficient Ka is multiplied by the tone 
level Va of the printing dot subject to calculation which is outputted from the 
pattern determination circuit 251 by means of the multiplier 257. The output of 
the multiplier 257 indicates the toner consumption amount of the printing dot 
subject to calculation. In other words, the coefficient Ka is a value weighted 
considering the state of the adjacent dot to the toner adhesion rate per one tone 
level. This value is accumulated in the accumulator 255, whereby the total 
toner consumption amount is calculated. 

[0185] Next, the calculation method by means of the simple counting 

technique is described. In this embodiment, the multiple tone data outputted 
from the half-toning section 116 are also inputted into a level counter 254. 
This level counter 254 counts and accumulates not the number of the printing 
dots but the tone levels of each of the printing dots. Then, the accumulated 
value is multiplied by a constant coefficient Kb which corresponds to the toner 
adhesion rate per one tone level by means of the multiplier 256, whereby the 
toner consumption amount by means of the simple counting technique is 
calculated. And either one of the output of the accumulator 255 and the output 
of the multiplier 256 is selected by the switch 252. It is the same as the fifth 
embodiment on this point. 

[0186] As described above, both in the fifth and sixth embodiments of 

the toner counter in the image forming apparatus according to the invention, it is 
possible to calculate the toner consumption amount in two modes, one being the 
two-dimensional counting technique which calculates the toner consumption 
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amount of each of the printing dots based on the state of the two-dimensional 
arrangement of the printing dots, the other being the simple counting technique 
which calculates the toner consumption amount of each of the printing dots 
without considering the arrangement of the dots. And these two modes are 
selectively used in accordance with the content of the images, whereby the toner 
consumption amount in the image forming apparatus is calculated accurately 
and efficiently according to these embodiments. 

[0187] In addition, the toner consumption amount calculated in this way 

can be added to accumulate by the CPU 101 and be stored in the RAM 107 for 
instance for the management of the expendable supplies of the developers. For 
example, when the total toner consumption amount reaches a certain value, 
which means that the remaining amount of toner in the developer is less than a 
predetermined amount, a message indicating to user the fact that the remaining 
toner is little, a message prompting to user to change the developer, and the like 
may be displayed in the display 12. 

[0188] Further, there are cases that a part of toner stored in the 

developers is consumed as the so-called fogging or scatters into the inside of the 
apparatus from the developing roller 44, without contributing to the formation of 
the toner image. Since the amount of toner like this cannot be obtained by the 
method described above, the amount of toner like this is estimated by means of 
other proper method, the estimation is added to the toner consumption amount 
obtained by the toner counter 230 described above, whereby the remaining toner 
amount in the developer is calculated more accurately 
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[0189] As described above, in these embodiments, the main controller 1 1 

and the engine part EG function as a "signal processor" and an "image forming 
section" of the invention respectively. Especially, the photosensitive member 
22 functions as a "latent image carrier" of the invention. Further, the video 
signal (fifth embodiment) or the tone data (sixth embodiment) outputted from 
the main controller 11 corresponds to "printing-dot data" of the invention. 
Further, in these embodiments, the toner counters 240 and 250 function as a 
"toner consumption amount calculator" of the invention. Further, in these 
embodiments, the area on the photosensitive member 22 which is represented by 
the (3 by 3) matrix corresponds to a "surface area subject to calculating process" 
of the invention. Further, in these embodiments, the data buffers 140 and 150 
function as a "storage" of the invention. 

[0190] In addition, in the two-dimensional counting technique in the 

embodiments above, in accordance with the distribution state of the adjacent 
dots in the 3 by 3-dot matrix, the toner consumption amount of the printing dot 
which is the center thereof is calculated. However, in the two-dimensional 
counting technique, the extent of the area around the printing dot subject to 
calculation to take into consideration is chosen arbitrarily. In the embodiments 
above also, the adjacent dots in the matrix of 3 dots by 5 dots or 5 dots by 5 dots 
for instance may be considered. 

[0191] Further, the two-dimensional counting technique may be made 

executable in a plurality of modes in which the size of the matrix is different 
from each other, and when the two-dimensional counting technique is applied, 
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one of the modes may be selected and applied. For example, in the case where 
the screen applied is different for each toner color, different mode of the two- 
dimensional counting technique may be adopted for each screen, or for each 
toner color. 

[0192] Further, there is a case that, if the application which generates the 

image data is known, the kind of image which the application can handle may be 
identified. In this case, the method of calculating the toner consumption 
amount may be changed in accordance with the kind of the application used. 
Further, in the apparatus structured to be able to determine the content of the 
image to be formed or the level of the image quality based of the setting by a 
user, the method of calculating the toner consumption amount may be changed 
in accordance with the content of the setting. 

Industrial Applicability 

[0193] The invention may be applied to other image forming apparatus 

such as an apparatus which comprises only a developer in accordance with a 
black color toner for instance and which forms monochromatic image, an 
apparatus which comprises a transfer medium (such as transfer drum, transfer 
sheet, and the like) other than the intermediate transfer belt, and a copier 
machine, a facsimile machine, and the like other than the color image forming 
apparatus described above. 



